Specific alpha 1-adrenergic receptor subtypes modulate catecholamine-induced increases and decreases in ventricular automaticity.
Fifty percent of adult canine Purkinje fibers manifest a decrease in automaticity in response to alpha 1-adrenergic stimulation with 10(-10)-10(-8) M norepinephrine (NE), and 50% manifest an increase. In contrast, most neonatal Purkinje fibers show an increase in automaticity in response to these concentrations of NE. We studied the modulation of NE effects, using the subtype selective alpha 1-adrenergic antagonists chloroethylclonidine (CEC) and WB 4101. CEC selectively antagonized the decrease in automatically such that, in both age groups, all Purkinje fibers showed NE-induced increases in automaticity. In Purkinje fibers from dogs treated with pertussis toxin, NE no longer induced a CEC-sensitive decrease in automaticity. In contrast, WB 4101 selectively antagonized the NE-induced increase in automaticity in both age groups. In the presence of WB 4101, NE decreased automaticity uniformly in adult Purkinje fibers and tended to induce no change in automaticity in neonatal Purkinje fibers. In the presence of prazosin (10(-6) M) or combined CEC (10(-7) M) and WB 4101 (10(-7) M), no alpha-agonist-induced increase or decrease in rate was observed. Pretreatment of membranes from newborn and adult dog and rat ventricles with CEC resulted in a selective and irreversible inactivation of 25% of specific binding sites labeled with [125I]IBE2254. In cultured neonatal rat ventricular myocytes, exposure to CEC resulted in a 35% decrease in the density of specific binding sites labeled with [125I]IBE2254 but did not influence alpha-adrenergic stimulation of inositol phosphate accumulation. In contrast, WB 4101 inactivated NE-stimulated inositol phosphate accumulation. Our results suggest that 1) at least two distinct alpha 1-adrenergic receptor subtypes are present in neonatal and adult cardiac tissue, 2) the CEC-sensitive subtype is linked to a decrease in automaticity via a pertussis toxin-sensitive substrate, 3) the WB 4101-sensitive subtype is linked to an increase in automaticity (possibly via a mechanism related to phosphoinositide breakdown), and 4) although CEC- and WB 4101-sensitive alpha 1-adrenergic receptor subtypes are present in the neonate, only the WB 4101-sensitive subtype is expressed functionally to induce effects on ventricular automaticity.